:alsely increased concentrations of the ovarian carcinomassociated antigen, CA 125, were measured by a monocloial antibody (MAb)-based double determinant immunoradionetric assay (IRMA) in patients who developed antibodies to nouse immunoglobulins (IgGs) after receiving injections of he same MAb as is used in the CA 125 IRMA. Addition of ndiluted mouse serum or purified mouse lgG to the assay nixture failed to eliminate the falsely increased CA 125 oncentrations in most of the samples, owing to the presence )f anti-idiotype antibody. Because of their anti-idiotypic naure, the human anti-mouse antibodies (HAMA5)had only little affect on other immunometnc assays, and this effect could be ompletely eliminated by addition of mouse lgG. To eliminate he effect of HAMAon the CA 125 assay, we studied the ability )f various chromatographic methods to separate the interferng HAMA from CA 125. For measuring HAMA in serum and hromatographic fractions we developed a time-resolved luoroimmunoassay.
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Adequate separation of CA 125 and IAMA was achieved by affinity chromatography of patients' ;era with solid-phase Protein A, Protein G, cation-exchange hromatography on Mono S. and gel filtration on Superose 6. Ihese results demonstrate that the interference can effecively be removed by rather simple chromatographic procelures. These antibodies simulate the behavior of the anti-
[en by linking the radiolabeled
IgG to the solid-phase.
Inch artificial sandwiches are observed in immunoassays
)ased on both monoclonal and polyclonal antibodies and re indistinguishable from the specific sandwiches (4) (5) (6) (8, 12, 13) .
We analyzed serum samples from patients who had undergone immunoscintigraphy with the MAb 0C125.
Falsely increased concentrations of CA 125 in the "sandwich"-type IRMA were found regularly, and the interference correlated directly with the concentration of HAMA in the sera. In most of the samples, addition of mouse serum blocked only part of the interference.
We therefore characterized the reactivity of HAMA and evaluated the ability of various chromatographic methods to separate the interfering factor from CA 125 antigen. On the basis of these results we propose methods for separating HAMA from CA 125 antigen. Ion-exchange chromatography. Interference in other assays. To study the specificity of the 0C125-induced HAMA, we measured the concentrations of CEA, AFP, and hCG by MAb-based immunometric assays.
MaterIals and Methods

CA
Anion
HAMA did not interfere in the Th-WIvIA of CEA. Minor interferences were observed in the AFP and hCG assays. In the AFP assay HAMA decreased the true AFP values, and in the hCG assay it increased them. The interference in the hCG assay was totally eliminated by adding 0.3 mL of mouse serum to 1 mL of patient serum.
Binding of HAMA to various antibodies.
To further study the specificity of the 0C125-induced HAMA, we measured its binding to solid-phase mouse MAbs raised against CA 125 and CEA, to a rat MAb raised against the estrogen receptor, and to polyclonal mouse IgG isolated by affinity chromatography.
HAMA bound strongly to purified polyclonal mouse IgG and to OC125 (Figure 3 ). In two samples HAMA bound significantly to the CEA MAb. HAMA did not react with the rat MAb to the human estrogen receptor. The binding to mouse IgG is not directly comparable with that of the other assays because different solid phases were used, microtitration strips for mouse IgG and polystyrene balls for the other assays. The background in the assays with coated beads was much higher than in our standard assay with microtiter wells. Figure 4b . The main native CA 125 peak eluted after IgG as a broad peak at about 0.5 mol/L NaCl. MAMA was mainly recovered in the nonretained fraction but there was some overlapping with native CA 125.
Affinity chromatography on Protein A and Protein G. By affinity chromatography on Protein A (Figure 5a) or Protein G ( Figure Sb) MAMA was bound and could be eluted at low pH, whereas CA 125 was not retained. This treatment caused a marked decrease in apparent CA 125 concentration of patients' sera, CA 125 concentrations approaching pre-treatment values. In the patient's samples ( Figure 5 ) most of the apparent CA 125 reactivity and the antibody concentrations were in the retained fraction, whereas no MAMA was detected in the nonretained fraction. After affinity chromatography 80-90% of the CA 125 was recov ered. Protein A chromatography caused a 20-fold dilutior of original serum CA 125 when a 100-.tL sample was used: that with Protein G chromatography was 30-fold. Aftei chromatography of serum from control patients, the recov cry of CA 125 was complete, demonstrating that the effect! noted for the patients were related to specific depletion ol interfering immunoglobulins. Gel filtration. In gel filtration on Superose 6, native CA 125 antigen eluted at a volume of 7-9 mL corresponding tc an Mr of more than 106 and HAMA at 12-15 mL correspond. ing to an Mr of about 150 000 (Figure 6a ). The recovery o CA 125 was 78%. This shows that MAMA can be separateti from native CA 125 by gel filtration on the basis of th difference in molecular mass.
Hydrophobic interaction chromatography.
The hydroph bic properties of CA 125 antigen and HAMA were quit similar as the main immunoreactive peak of both compo nents eluted at 17 mL, corresponding to 0.17 molt (NH4)2S04. The broad elution proffle of CA 125 antige: indicated a fairly high degree of heterogeneity in hydr phobicity, overlapping that of HAMA (Figure 6b) .
Discussion
This study demonstrates that the antibodies that develo after injection of MAb 0C125 can be only partially neutral ized by absorption with mouse serum and mouse IgC because a major part of HAMA consists of anti-idiotyp antibodies.
Several studies claim that addition of mous serum eliminates the false increase of CA 125 caused b MAMA (10, 11, 15) . In sera with only moderately increase concentrations of HAMA, this treatment may reduce th falsely increased CA 125 concentrations, but it is importan o recognize that, in most cases, the effect is only partial for patients who have received injections of 0C125. Antiidiotype HAMA was recently described in a patient who had received 0C125 (16) .
The CA 125 assay is especially prone to MAMA interferance because the same MAb is used both on the solid-phase and as tracer. Studies of the effect of HAMA on various other immunometric assays have shown that the adverse effects were minimal, except for CA 125, and could be eliminated by addition of mouse serum or mouse IgG. The small interference is partially explained by the fact that mouse EgG is included in the buffers used in the sandwich assays studied. In addition, all the sandwich assays, except for A 125, used different antibodies on the solid-phase and as a bracer. Therefore, the likelihood that HAMA binds to both rapid and simple to perform. The complete binding of the nonspecific immunoreactivity to these columns ( Figure 5 ) and especially to Protein G suggests that the interfering factor in the patient serum was IgG. Gel filtration could be used because the molecular mass of CA 125 is greater than that of IgG; however, this procedure is slow and requires a larger dilution, about 40-fold, than the other methods.
Cation-exchange chromatography at pH 6.5 was a suitable method for routine removal of HAMA. Because CA 125 was not retained by Mono S at this pH, the chromatography was simple to perform and CA 125 recovery was good. The background of the MAMA assay was relatively high and varied from patient to patient, probably due to the high sensitivity of our assay technique in combination with the presence of natural antibodies reacting with mouse IgG (8) . Because of this, each patient should serve as his own control when the assay is used to monitor MAMA after immunoscintigraphy.
The best specificity and sensitivity of the MAMA assay could apparently be achieved by using the same MAb on the solid-phase as that given to the patient. We tested this by using the solid-phase bead from assays for CA 125, CEA, and estrogen receptor, and europium-labeled anti-human IgG. This comparison showed that the HAMA of our patients reacted much more strongly with 0C125 than with the other MAbs. However, H.AMA of different patients showed large differences in reactivity with various MAbs. A rat MAb showed the weakest reaction.
As the use of diagnostic immunoscintigraphy with MAbs increases, the presence of MAMA in sera should be determined, as should methods devised to eliminate the falsely increased results. Although cation-exchange chromatography is effective for CA 125, removal of MAMA with Protein A or Protein G, as reported here, may be more universally applicable. However, problems may be expected with sera containing antibodies of IgA or 1gM type, which apparently was the case with some of our samples (not shown). Protein A and Protein G affinity matrices are also relatively expensive, which will be important in large-scale use. Cationexchange chromatography is more economical, especially when applied as a simple open-column method, but requires that the antigen being measured have a clearly lower isoelectric point than MAMA. Consequently, the use of this method will be limited to relatively acidic antigens. Although most proteins are acidic, the applicability of the method must be tested for each antigen.
The dilution of the sample caused by the chromatographic methods used in the present study poses a problem; e.g., normal concentrations of CA 125 could not be measured without concentration of the fractions obtained by chromatography. This problem may be solved by concentrating the samples.
Although the adverse effects of HAMA can be reduced, the additional work required is considerable. Therefore, the benefits of using immunoscintigraphy have to be carefully weighed against its potential adverse effects.
